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Abstract 
Alumina nanoparticles were synthesized from a bulk aluminium using laser ablation from Nd:YAG laser with a 
wavelength of 1064 nm in deionized water. Physical and chemical properties of the nanoparticles were investigated 
as a function of the laser pulse energies, including 1, 3 and 5 J. 3 J of laser energy offered plenty of spherical 
nanoparticles with a uniform size distribution of less than 100 nm. UV-visible spectroscopy was used to evaluate the 
optical property of the obtained suspension, representing a strong peak at 213 nm. XRD analysis showed that plenty 
of the nanoparticles are N-Al2O3, which would be very useful for many applications.  
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Keywords: Alumina; Nanoparticles; Laser Ablation; Laser Energy
1. Introduction 
In past decades, metal nanoparticles have been broadly studied in many research topics because of 
their outstanding properties such as physical, chemical, optical and electronic properties for many 
applications e.g. biomedicine, electronic, engineering materials, environment [1-4]. Alumina, or 
aluminium oxide, has been known for very long time ago in different names, e.g. mineral corundum, 
gemstones emery, ruby, and sapphire [5]. Today, an importance of aluminium-related materials have 
extremely increased due to many interesting properties; for example, high hardness, high stability, high 
insulation, and transparency[6]. Thus, it can be used in various applications e.g. fire retard, catalyst, 
insulator, surface coating, composite materials, thermal protections etc [7-11]. 
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Many synthesis methods have been developed including sol-gel, chemical vapour deposition, colloids, 
sputter depositions, electric arc and laser ablation [12-17]. Normally, chemical and physical vapour 
deposit methods are processes often used to synthesize an alumina nanoparticles. However, these methods 
have some problem in energetic bombardment, so many researchers have sought for other new methods 
that could synthesize the particles at a low temperature [18-20]. For such reason, this paper presents an 
alternative synthesis method to achieve alumina nanoparticles at room temperature by using laser ablation 
technique in liquid.  
Pulse laser ablation in liquid media (PLAL) has been used to fabricate various kinds of nanomaterials 
[21]. The advantages of this method are as follows. The nanoparticles are free from contaminated 
chemicals and do not require a vacuum chamber. Moreover, surfactants could be added to the liquids in 
order to control size or, even, an aggregation of the nanoparticles. The controllability of particle size is 
shown to be dependent upon operating conditions (wavelength, laser power, etc.) [22, 23]. In general, the 
laser ablation has many steps [24] to generate nanoparticles from the target immersed in liquid medium. 
First, the laser beam heats up the target surface to high temperature, and then the plasma, containing 
vapour of target atoms, occurs. The plasma then expands adiabatically and finally condenses to form the 
nanoparticles. During these steps, nucleation of the target atoms takes place and, consequently, the fine 
nuclei stick together.
In this work, alumina nanoparticles were synthesized using pulsed laser ablation in deionized water 
with different laser energies. Size and morphology of the nanoparticles were investigated by scanning 
field emission electron microscopy (FE-SEM). Their optical properties were examined using by UV-
visible spectroscopy. Phase of the alumina nanoparticles was investigated using X-Ray diffraction 
analysis (XRD). 
2. Experimental setup 
Aluminium powder of 99.7% purity with an average size of 35μm was pressed into a tablet by a 
hydraulic presse with a constant pressure of 100 bar. The aluminium powder and the tablet are shown in 
Fig. 1. The experimental setup on laser ablation is showed in Fig. 2. The Nd:YAG laser used is the  
Miyachi ML-2331B model. The first harmonic Nd:YAG has a wavelength of 1064 nm with a pulse 
duration of 5 ms and a repetition rate of 2 Hz. The beam was focused using a 5 cm focal-length lens onto 
the aluminium tablet, which is located at the bottom of a glass vessel. Deionized water was poured into 
the vessel until its level is about 5 mm above the target. The laser energies used were 1, 3, and 5 J. At 
each laser energy, the target was ablated for 5,000 pulses.  
Scanning Electron Microscope (Hitachi S-4700) was operated at 5kV. To prepare the sample for SEM, 
the nanoparticle suspension was dropped on silicon surface and dried on a hot plate at 60 oC. The 
procedure was repeated for 5-10 times until having enough amount of the particles. The size distribution 
was carried out by counting particle size from SEM image. 
 
 
 
 
 
 
 
 
 
Fig. 1. Aluminium powder with a diameter size of 35μm and aluminium tablet 
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Fig. 2. Experimental setup for synthesizing aluminium nanoparticles by laser ablation in water 
 
3. Results and discussion 
After laser ablation, color of the suspension changed from colorless to opaque, indicating the 
appearance of alumina nanoparticles. The particle can be confirmed by SEM as shown in Fig. 3. The 
particles have a size ranging from 20-100 nm depending on the laser energy. The average size of alumina 
nanoparticles is summarized in Table1. From Fig.3, the dominant sizes of the particles obtained from 1, 3, 
and 5 J are 22, 48, and 27 nm, respectively. 1 and 5 J of laser energy offered the smallest dominant 
particle size, whereas that of the 3 J yielded the largest size, 48 nm. However, the sizes of the particles 
from both 1 and 5 J are not uniformed and most of them were aggregated. In case of 5 J, several particles 
are melted.  
 
 
Energy = 1J Energy = 1J 
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Energy = 3J 
 
Energy = 3J 
 
Energy = 5J 
 
Energy = 5J 
 
Fig. 3. SEM images of alumina nanoparticles and size distribution 
 
Table 1. Average size and dominant size of alumina nanoparticles 
Laser energy (J) Average size (nm) Dominant size (nm) 
1 27 23 
3 49 48 
5 40 28 
 
 
Fig. 4. Absorption spectra of alumina nanoparticles in the suspension 
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Fig. 4 shows the absorption spectra of alumina nanoparticles in the suspension. The difference in the 
absorbance may be due to the difference in the concentration of nanoparticles in the suspension. 
According to Beer-Lambert law, the absorbance relies upon concentration of the suspension, thus higher 
concentration of nanoparticles leads to higher value of the absorbance [25]. The absorption spectra of the 
particles synthesized from all laser energies were similar. It showed a strong absorption in the UV range 
with the maximum absorbance at around 213 nm. 
 
Fig. 5. The XRD patterns of alumina nanoparticles on silicon substrate 
 
Fig. 5 shows the XRD pattern of alumina nanoparticles synthesized from 3 J. The pattern was 
compared with that of the aluminium target and JCPDS data of three different reference numbers: 85-
1327 (Aluminium), 88-0107 (N-Al2O3), and 89-7716 (Į-Al2O3). The result shows that the nanoparticles 
mainly consist of N-Al2O3 and a small quantity of Į-Al2O3. 
4. Conclusion 
In summary, we have successfully demonstrated that alumina nanoparticles with a size of less than 100 
nm can be easily synthesized via laser ablation in water at room temperature. Laser energy has shown 
little effect on the particle size. However, too high energy, e.g. 5 J, may cause a coalescence or melt of the 
adjacent particles, which may be not suitable for some applications requiring individual particles. In 
contrast, too low energy, e.g. 1 J, may have problem with a large fragment of aluminium that did not 
ionized by the laser beam. Thus, from the experiment, we can conclude that the best laser energy for 
acquiring individual nanoparticles is about 3 J. XRD analysis showed that plenty of the nanoparticles are 
N-Al2O3, which would be very useful for various applications, such as wear-resistant coating.  
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